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(54) HONEYCOMB STRUCTURE 

(57) This is directed to a honeycomb structure (1 0) 
including two or more honeycomb segments (11 ) having 
numerous through channels having been partitioned by 
walls and penetrating in axial direction thereof, the walls 
for through channels having a filtering function, and one 
end being clogged at predetermined through channels, 
and the other end at the remaining ones, and Joint layers 
(12) for Joining two or more honeycomb segments (11) 
each other. It may satisfy at least either that the Young's 
modulus of material of the Joint layer (1 2) is 20% or less 
of that of the honeycomb segment (11), or that the ma- 
terial strength of Joint layer (12) is lower than that of the 
honeycomb segment (11). This honeycomb structure 
shows a less thermal stress during use, has such a du- 
rability that no crack is formed, hardly shows a differ- 
ence In temperature between the central portion and 
outer peripheral portion, and shows a lower pressure 
loss of fluid. 



FIG. 1 (a) 



FIG. 1 (b) 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a honeycomb structure used as a filter which collects and removes particulate 
matters exhausted in a heat engine such as an Internal combustion engine or combustion equipment such as a boiler. 

Background Art 

* w [0002] Conventionally, as a method for collecting and removing particulate matters contained In a dust-containing 
fluid such as exhaust gas emitted from a diesel engine or the like, there is known the use of a honeycomb structure in 
which a wall of through channel has a filtering function, one end Is clogged for predetermined through channels, and 

^ the other end is clogged for the remaining through channels. 

[0003] In the case where such a honeycomb structure is used as a filter for collecting particulate matters in exhaust 
T5 gas, it is necessary to perform regenerating treatment in which accumulating carbon particulates are burned and re- 
moved. At this time, a local Increase in temperature Is unavoidable, so that a high thermal stress is liable to occur, 
which poses a problem In that a crack is liable to develop. 

[0004] As measures for reducing the thermal stress occurring In such a structural part, amethod In which the structural 
part is divided into small segments is known. The use of a honeycomb structure for collecting particulates in exhaust 

20 gas has already been proposed in JP-A-6-24101 7, JP-A-8-28246, JP-A-7-54643, JP-A-8-28248. etc. 

[0005] However, even in the examples proposed in the aforementioned patent publications, the effect of reducing 
stress on segment surface is Insufficient, and the problem of crack development cannot be solved completely. Also, 
there is a problem in that a shift in axial direction occurs between the segments during the use. Although a method In 
which a holding member Is used to prevent the shift in the axial direction has been proposed in JP^A-6-241 017, there 

25 is a problem of deformation and deterioration of the holding member occurring when the member is subject to high 
temperatures of exhaust gas. 

[0006] As other measures for reducing thermal stress, there has been proposed a method in which a portion liable 
to have a relatively low temperature Is heated electrically by providing an electric heater between the segments to 
make the temperature distribution in honeycomb structure uniform. However, this method has a problem of the occur- 

30 rence of a new thermal stress because a local temperature gradient rather increases in the vicinity of the electric heater. 
[0007] Also, there are a problem in that the ratio of the joint layer between the segments to the cross section is too 
high, so that the pressure loss of fluid is excessive, which deteriorates the engine performance, and a problem In that 
the heat capacity Is too high, so that the rise In temperature takes much time In the regenerating treatment In which 
carbon particulates are burned to be removed, which prolongs the time necessary for regenerating treatment. 

35 [0008] The present invention has been made to solve the above problems, and accordingly an object thereof is to 
provide a honeycomb structure In which a less thermal stress occurs during the use; durability such that no crack 
develops is ensured; a difference in temperature between the central portion and the outer peripheral portion is less 
liable to be produced; the pressure loss of fluid is low; and the time and energy necessary for the rise in temperature 
at the time of regenerating treatment are less. 

40 

Disclosure of the Invention 

[0009] According to the present invention, there is provided a honeycomb structure including two or more honeycomb 
segments each of which has a large number of through channels which are partitioned by walls and penetrate in the 

45 axial direction, the wall of the through channel having a filtering function, and Is constructed so that one end is clogged 
for predetermined through channels, and the other end Is clogged forthe remaining through channels, and a Joint layer 
for Joining the two or more honeycomb segments to each other, characterized In that at least either that the Young's 
modulus of material of the Joint layer Is 20% or less of the Young's modulus of material of the honeycomb segment, or 
that the material strength of the joint layer is lower than the material strength of the honeycomb segment is satisfied. 

so [0010] In the present invention, a portion having an area of at least 30% of the surface area of the honeycomb 
segment in contact with the joint layer preferably has average surface roughness Ra exceeding 0.4 micron, and the 
ratio of the total heat capacity of all the Joint layers In the honeycomb structure to the total heat capacity of all the 
honeycomb segments constituting the honeycomb structure is preferably 30% or lower. 

[0011] Further, in the honeycomb structure in accordance with the present Invention, it is preferable that a corner 
55 portion of a cross-sectional shape of the honeycomb segment in the cross section perpendicular to the through channel 
of the honeycomb structure be rounded with a radius of curvature of 0.3 mm or larger, or be chamfered 0.5 mm or more. 
[001 2] Also, the ratio of the total cross-sectional area of the joint layers to the cross-sectional area of the honeycomb 
structure In the cross section perpendicular to the through channel of the honeycomb structure Is preferably 17% or 



2 




EP 1 249 262 A1 

lower, and further the ratio ot the sum of the cross-sectional areas of the Joint layers to the sum of the cross-sectional 
areas of the walls In the cross section of honeycomb structure perpendicular to the through channel of the honeycomb 
structure is preferably 50% or lower. Sill further, It Is preferable that the ratio of the cross-sectional area of Joint layer 
to the cross-sectional area of wall In the cross section of honeycomb structure perpendicular to the through channel 
5 of the honeycomb structure be higher in the central portion and be lower on the outer peripheral side. 

[0013] As a material of the honeycomb segment, one kind of material selected from a group consisting of cordlerite, 
SiC, SiN, alumina, mullite, and lithium aluminum silicate (LAS) is preferably used as a main crystal phase from the 
viewpoint of strength, heat resistance, and the like. 

[0014] Also, It is preferable that the honeycomb segment carry a metal having a catalytic function so as to be used 
* 10 to purify exhaust gas from a heat engine or combustion equipment or to reform a liquid fuel or a gas fuel. As the metal 
having a catalytic function, at least one kind of Pt, Pd, and Rh Is preferably used. 

[0015] Further, the cross-sectional shape of the through channel in the honeycomb structure Is preferably any ot 
triangle, quadrangle, and hexagon. 

15 Brief Description of the Drawings 

[0016] 

Figures 1 (a), 1 (b), 1 (c) and 1 (d) are explanatory views showing various division patterns of honeycomb segment 
20 of a honeycomb structure In accordance with the present Invention. 

Figure 2 Is a partially enlarged view showing a cell construction of a honeycomb structure. 
Figure 3 Is a sectional view for illustrating one example of a honeycomb structure. 

Figure 4 Is a partially enlarged view showing a cell construction and a Joint layer of a honeycomb structure. 
Figure 5 is a perspective view showing one example of a test piece cut out of a honeycomb structure. 
25 Figure 6 is an explanatory view showing an example of a four-point bending test. 

Best Mode for Carrying out the Invention 

[0017J The present Invention will now be described in further detail with reference to an embodiment shown In the 
30 accompanying drawings. The present Invention Is not limited to this embodiment. 

[0018] Figures 1 (a), 1 (b), 1 (c) and 1 (d) are explanatory views showing various division patterns of honeycomb seg- 
ment of a honeycomb structure in accordance with the present Invention. 

[0019] In Figures 1 (a), 1 (b), 1 (c) and 1 (d), reference numeral 1 0 denotes a honeycomb structure. The honeycomb 
structure 10 Is made up of two or more honeycomb segments 11 and joint layers 12 for Joining these honeycomb 
35 segments 11. Though not shown In detail, the honeycomb segment 11 has a large number of through channels 15 
which are partitioned by walls 14 and penetrate In the axial direction. The wall 14 of the through channel 15 has a 
filtering function, and the construction is such that one end is clogged for predetermined through channels 15, and the 
other end is clogged for the remaining through channels 15. 

[0020J In the honeycomb structure In accordance with the present invention, the Young's modulus of a material 
40 forming the Joint layer 12 is made preferably 20% or less more preferably 1% or less of the Young's modulus of a 
material forming the honeycomb segment 11, or the material strength of the Joint layer 12 is made lower than the 
material strength of the honeycomb segment 11. By specifying the Young's moduli of materials of the joint layer 12 and 
the honeycomb segment 1 1 , a honeycomb structure in which a less thermal stress occurs during the use, and durability 
such that no crack develops is ensured can be provided. Also, even in the case where the Young's modulus of the joint 
45 layer 12 exceeds 20% of the Young's modulus of the honeycomb segment 11 , It the material strength of the Joint layer 
12 Is lower than the material strength of the honeycomb segment 11 , a crack develops only In the Joint layer 12, and 
the honeycomb segment 11 Is not damaged, so that the honeycomb structure maintains a sufficient function. 
[00211 Herein, the Young's modulus of the Joint layer 12 and the Young's modulus of the honeycomb segment 11 
means the Young's modulus of each material itself thereof, that is, the physical property inherent in the material. 
so [0022] Also, the definition of "the material strength of the joint layer is lower than the material strength of the honey- 
comb segment- will be explained below with reference to Figures 5 and 6. 

[0023] A test piece 20 cut out of the honeycomb structure in accordance with the present Invention as shown In 
Figure 5 is prepared. The test piece 20 is cut so that the length in the direction perpendicular to the through channel 
Is 40 mm or larger and the Joint layer 12 Is located In the center thereof. In the present Invention, the fact that In a four- 
55 point bending test (in conformity to J IS R1601) as shown in Figure 6 of the test piece 20, the probability that a fracture 
occurs within the joint layer 12 or at the interface between the joint layer 12 and the honeycomb segment 11 is 50% 
or higher Is defined as the aforementioned 'the material strength of the Joint layer Is lower than the material strength 
of the honeycomb segment'. 



3 



EP 1 249 262 A1 

[00241 Ateo. lt ,s preferable that In this honeycomb structure, a portion having an area of at least 30% of the surface 
area of the honeycomb segment 11 In contact with the joint layer 12 have average surface roughness Ra exceeding 
0.4 micron. Thereby, the two or more honeycomb segments 11 are Joined more firmly, and a fear of peeling off at the 
time of use can almost be dispelled. The aforementioned surface roughness Ra is further preferably be 0.8 microns 
5 or more. 

[0025] Also, the ratio of the total heat capacity of all the Joint layers In the honeycomb structure to the total heat 
capacity of all the honeycomb segments constituting the honeycomb structure is preferably made 30% or lower, more 
preferably 1 5% or lower. Thereby, when the carbon particulates collected at the time of regeneration are burned to be 

H disposed of (filter regeneration), the time taken for the rise In temperature can desirably be kept In the allowable range. 

J 10 [0026] Further, It Is preferable that in the honeycomb structure In accordance with the present Invention, a comer 
portion of a cross-sectional shape of honeycomb segment In the cross section perpendicular to the through channel 
of honeycomb structure be rounded with a radius of curvature of 0.3 mm or larger, or be chamfered 0.5 mm or more 
because the occurrence of thermal stress at the time of use is reduced and great durability such that no crack develops 
can be given to the honeycomb structure. 
13 [0027] Still further, in the present Invention, it Is preferable that the ratio of the total cross-sectional area of the Joint 
layers to the cross -sectional area of the honeycomb structure In the cross section perpendicular to the through channel 
of honeycomb structure be 1 7% or lower, more preferably 8% or lower. The explanation of this is given with reference 
to Figure 3. Referring to Figure 3, In the circular honeycomb structure 10 having a cross section with diameter D, the 
total cross-sectional area S H of the honeycomb structure 10 is expressed by the following formula. 

20 

S H = (n/4) X D 2 

On the other hand, the total cross-sectional area S s of the Joint layers 12 is the total area of hatched portion A In Figure 
25 3 (cross-sectional portion of the Joint layers 12). 

[00281 Herein, the ratio of Ss/S H should preferably be 1 7% or lower from the viewpoint of the decrease In pressure 
loss of fluid. 

[0029] Also, In the present invention, it Is preferable that the ratio of the sum of the cross-sectional areas of joint 
layers to the sum of the cross -sectional areas of walls In the cross section of honeycomb structure perpendicular to 

30 the through channel of honeycomb structure be 50% or lower, more preferably 24% or lower. Referring to Figure 4, 
taking the sum of the cross-sectional areas (hatched portion B) of the joint layers 12 In the cross section of the hon- 
eycomb structure 10 as S s> and taking the sum of the cross-sectional areas (meshed portion C) of the walls 14 as S c , 
the ratio of Ss/S c should preferably be 50% or lower from the viewpoint of the decrease In pressure loss of fluid. 
[00301 Further, In the present Invention, It Is preferable that the ratio of the cross-sectional area of Joint layer to the 

35 cross-sectional area of wall in the cross section of honeycomb structure perpendicular to the through channel of hon- 
eycomb structure be higher in the central portion and be lower on the outer peripheral side. According to such config- 
uration, the quantity of collected carbon particulates per unit volume Is smaller In the vicinity of the center than In the 
vicinity of the outer periphery, so that at the time of regenerating treatment at which carbon particulates are burned 
(regenerative combustion time), the calorific value In the vicinity of the center, where high temperatures are liable to 

40 be generated, can be kept low. Moreover, the joint layer in the vicinity of the center is dense, so that the heat capacity 
in that portion can be Increased. For these reasons, the Increase In temperature In the vicinity of the center can be 
kept low. As a result, a difference In temperature between the central portion and the outer peripheral side can be 
decreased, so that the thermal stress in the honeycomb structure can desirably be decreased. 
[00311 In the present invention, the cross section perpendicular to the through channel of honeycomb structure can 

45 take various shapes such as circle, ellipse, and racetrack. 

[0032] Also, the honeycomb segment constituting the honeycomb structure In accordance with the present Invention 
preferably has a main crystal phase of one kind selected from a group consisting of cordlerlte, SIC, SIN, alumina, 
mulilte, and lithium aluminum silicate (LAS) from the viewpoint of strength, heat resistance, and the like. Silicon carbide 
(SIC), which has a high coefficient of thermal conductivity, Is especially preferable because heat can be dissipated 

50 easily. 

[0033] The cell density of honeycomb segment Is preferably 6 to 1500 cells/In 2 (0.9 to 233 cells/cm 2 ), further pref- 
erably 50 to 400 cells/In 2 (7.8 to 62 cells/cm 2 ). If the cell density Is lower than 6 cells/In 2 , the strength and effective 
GSA (Geometrical Surface Area) are Insufficient as the honeycomb segment. If the cell density Is higher than 1500 
cells/In 2 , the pressure loss increases when gas flows. 
55 [0034] Also, the cross-sectional shape of through channel (cell shape) In the honeycomb structure Is preferably any 
of triangle, quadrangle, and hexagon from the viewpoint of manufacture. 

[0035] Also, as a material of Joint layer that Joins the honeycomb segment to each other, ceramic fiber, ceramic 
powder, cement, or the like, which has heat resistance, are preferably used singly or by being mixed. Further, as 
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necessary, an organic binder, an inorganic binder, etc. may be used by being mixed. The material of joint layer Is not 
limited to the above-described materials. 

[0036] The honeycomb structure In accordance with the present Invention has a construction such that, as described 
above, it has a large number of through channels which are partitioned by walls and penetrate In the axial direction; 
5 the wall of the through channel has a filtering function; and one end is clogged for predetermined through channels, 
and the other end is clogged for the remaining through channels. Therefore, the honeycomb structure can be suitably 
used as a filter which collects and removes particulate matters contained in a dust-containing fluid, such as a particulate 
filter for a diesel engine. 

[0037J Specifically, if a dust-containing fluid is caused to pass through one end face of the honeycomb structure 
10 having such a construction, the dust-contain Ing fluid enters a through channel In the honeycomb structure whose end 
on the one end face side is not clogged, and passes through the porous wall having a filtering function to enter another 
through channel In the honeycomb structure whose end on the other end face side Is not clogged. When passing 
through the wall, particulate matters in the dust-containing fluid are collected to the wall, and the purified fluid from 
which particulate matters have been removed Is discharged from the other end face of honeycomb structure. 
is [00381 If the collected particulate matters accumulate on the wall, the wall is clogged, so that the function as a filter 
decreases. Therefore, the honeycomb structure is heated periodically by heating means such as a heaterto bum and 
remove the particulate matters, by which the filtering function is regenerated. To accelerate the combustion of particulate 
matters at the time of regeneration, a metal having a catalytic function, as described later, may be carried on the 
honeycomb segment. 

20 [0039] On the other hand, In the case where the honeycomb structure In accordance with the present Invention Is 
used to purify exhaust gas from a heat engine such as an Internal combustion engine or to reform a liquid fuel or a gas 
fuel as a catalyst carrier, a metal having a catalytic function is carried on the honeycomb segment. As a typical metal 
having a catalytic function, Pt, Pd, and Rh are cited. At least one kind of these metals Is preferably carried on the 
honeycomb segment. 

25 [0040] Hereunder, the present invention will be described in further detail with reference to examples. The present 
invention is not limited to these examples. 

[Examples 1 to 10, Comparative example 1] 

30 [0041] Honeycomb structures measuring 144 mm In diameter and 153 mm In length having various division con- 
structions were manufactured using a SiC-made honeycomb segment having a wall thickness of 0.38 mm, a cell density 
of 200 cells/In 2 (31 cells/cm 2 ), and a thickness of outer peripheral portion of 0.5 mm, and using a mixture of ceramic 
fiber, ceramic powder, and organic and Inorganic binders as the joint layer. The division construction and the properties 
such as the Young's modulus of material of the obtained honeycomb structure are given In Table 1 . Also, the surface 

35 roughness given In Table 1 Indicates the average surface roughness of the whole surface of honeycomb segment In 
contact with the joint layer. 

[0042] This honeycomb structure is a particulate filter for purifying exhaust gas from a diesel engine, which has a 
construction such that one end Is clogged for predetermined through channels, and the other end is clogged for the 
remaining through channels. Thefluid pressure loss test and the regeneration test were conducted on these honeycomb 
40 structures. The results are given In Table 1 . 
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[Evaluation] 

[0043J As is apparent from the results given In Table 1 , when the requirements specified in the present Invention 
were satisfied, thepressure loss of fluid was not so high, being within the allowable range (1 0 kPa), and the regeneration 
5 time was within the allowable range (15 mln). 

Industrial Applicability 

[0044] As described above, the honeycomb structure in accordance with the present Invention achieves a remarkable 
10 effect that a less thermal stress occurs during the use; durability such that no crack develops Is ensured; a difference 
in temperature between the central portion and the outer peripheral portion hardly occurs; and moreover the pressure 
loss of fluid is low. 



'* Claims 

1. A honeycomb structure comprising two ormore honeycomb segments each of which has a large number of through 
channels which are partitioned by walls and penetrate in axial directions, the wall of said through channel having 
a filtering function, and is constructed so that one end is clogged for predetermined through channels, and the 

20 other end Is clogged for the remaining through channels, and a joint layer for Joining said two ormore honeycomb 

segments to each other, characterized In that 

either that the Young's modulus of material of said Joint layer Is 20% or less of the Young's modulus of material 
of said honeycomb segment, or that the material strength of said Joint layer Is lower than the material strength of 
said honeycomb segment is satisfied. 

25 

2. The honeycomb structure according to claim 1 , 

characterized in that a portion having an area of at least 30% of the surface area of said honeycomb segment 
In contact with said joint layer has an average surface roughness Ra exceeding 0.4 micron. 

30 3, The honeycomb structure according to claim 1 or 2, 

characterized In that the ratio of the total heat capacity of all the joint layers in said honeycomb structure to the 
total heat capacity of all the honeycomb segments constituting said honeycomb structure Is 30% or lower 

4. The honeycomb structure according to any one of claims 1 to 3, characterized In that a comer portion of the 
35 cross-sectional shape of said honeycomb segment in a cross section perpendicular to the through channel of said 

honeycomb structure Is rounded with a radius of curvature of 0.3 mm or larger, or Is chamfered 0.5 mm or more. 

5. The honeycomb structure according to any one of claims 1 to 4, characterized in that the ratio of the total cross- 
sectional area of said Joint layers to the cross -sectional area of said honeycomb structure in a cross section per- 

40 pendlcular to the through channel of said honeycomb structure is 1 7% or lower. 

6. . The honeycomb structure according to any one of claims 1 to 5, characterized in that the ratio of the sum of the 

cross-sectional areas of said joint layers to the sum of the cross-sectional areas of said walls in a cross section of 
honeycomb structure perpendicular to the through channel of said honeycomb structure is 50% or lower 

45 

7. The honeycomb structure according to any one of claims 1 to 6, characterized In that said honeycomb segment 
has a main crystal phase of one kind selected from a group consisting of cordlerlte, SIC, SIN, alumina, mulllte, and 
lithium aluminum silicate (LAS). 

so 8. The honeycomb structure according to any one of claims 1 to 7, characterized In that said honeycomb segment 
carries a metal having a catalytic function so as to be used to purify exhaust gas from a heat engine or combustion 
equipment or to reform a liquid fuel or a gas fuel. 

9. The honeycomb structure according to claim 8, 

55 characterized In that said metal having a catalytic function is at least one kind of Pt Pd. and Rh. 

10. The honeycomb structure according to any one of claims 1 to 9, characterized In that the cross-sectional shape 
of said through channel In said honeycomb segment Is any of triangle, quadrangle, and hexagon. 
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